In 2011, Georgia, in the Caucasus, reported that 11% of new and 32% of previously treated tuberculosis (TB) cases nationally had multidrug-resistant TB (MDR-TB). To help understand the mechanisms driving these high risks of drug-resistance and plan for targeted interventions, we identified geographical variability in the MDR-TB burden in Georgia and patient-level MDR-TB risk factors. We used routinely collected surveillance data on notified TB cases to estimate the MDR-TB incidence/100,000 people and the percentage of TB cases with MDR-TB for each of 65 districts and regression modelling to identify patient-level MDR-TB risk factors. 1,795 MDR-TB cases were reported (January 2009-June 2011); the nationwide notified MDR-TB incidence was 16.2/100,000 but far higher (837/100,000) in the penitentiary system. We found substantial geographical heterogeneity between districts in the average annual MDR-TB incidence/100,000 (range: 0.0-5.0 among new and 0.0-18.9 among previously treated TB cases) and the percentage of TB cases with MDR-TB (range: 0.0%-33.3% among new and 0.0%-75.0% among previously treated TB cases). Among treatment-naïve individuals, those in cities had greater MDR-TB risk than those in rural areas (increased odds: 43%; 95% confidence interval: 20%-72%). These results suggest that interventions for interrupting MDR-TB transmission are urgently needed in prisons and urban areas.
Introduction
In 2011, there were an estimated 8.7 million newly infected cases of tuberculosis (TB) worldwide and 1.4 million deaths attributed to TB [1] . The appearance and spread of forms of Mycobacterium tuberculosis that are resistant to drugs in the standardised TB treatment regimen are threats to effective TB control. People suffering from multidrug-resistant TB (MDR-TB, i.e. TB that is resistant to at least isoniazid and rifampicin) require longer treatment with second-line drugs (SLD) that are more expensive and more toxic than those in the standard TB drug regimen; even in settings where individuals receive the best available care, poor outcomes are common [2] .
Global estimates indicate that 3.7% of new TB cases and 20% of previously treated TB cases have MDR-TB [1] , but these averages mask substantial geographical heterogeneity in risk. Countries of the eastern part of the World Health Organization (WHO) European Region have reported percentages of TB cases with MDR-TB several times higher than countries elsewhere in the world [1, 3] . Georgia is a country of approximately 4.5 million people [4] located in the Caucasus and, like many countries in this region, it is experiencing a MDR-TB crisis. In response to a growing regional appreciation for the severity of this issue, Georgia made further investment in their commitment to provide universal access to diagnosis and treatment for drug-resistant TB [5] and begin routine surveillance to monitor drug resistance in 2006. As of 2011, Georgia was one of only six countries (among the 27 high burden MDR-TB countries) to have routine TB surveillance in place (i.e. nationwide, continuous, real-time notifications of all diagnosed drug resistant TB cases as opposed to sub-national reporting and/or periodic surveys) [1] . In 2011, 11% of notified new TB cases and 32% of notified previously treated TB cases in Georgia had MDR-TB and the national estimated TB incidence rate was 125/100,000 [1] .
Statistics on MDR-TB burden are usually reported at the country level and few countries have sufficient detailed spatial resolution of data to examine local heterogeneity of MDR-TB burden [6] . Previous work has indicated that even in countries where TB patients have a very high overall risk of MDR-TB, the spatial variation in this risk can be dramatic, indicating potential opportunities for prioritising earliest responses and confirmatory studies to areas deemed at highest risk [6] [7] [8] . Here, we present spatial analyses of MDR-TB risk and incidence across Georgia in an attempt to identify areas of relative high risk and/or incidence of MDR-TB among both new and previously treated TB cases. We also evaluate patient-level risk factors for MDR-TB amongst these patients.
Methods

Data sources
We analysed two TB surveillance databases that contained information on: (i) all TB cases notified in Georgia between January 2009 and December 2011 (database 1) and (ii) all patients that were hospitalised and initiated on SLD in Georgia between January 2009 and December 2011 (database 2).
In Georgia, all suspected TB cases based on clinical findings and chest radiography receive sputum smear microscopy at their local TB facility. All sputum samples, regardless of their microscopy findings, are then transported to the closer of two laboratories in the cities of Tbilisi or Kutaisi for culture testing. A cold chain is maintained and transportation time does not exceed 24 hours. Both laboratories have passed External Quality Assurance conducted by the Supranational Reference Laboratory in Antwerp, Belgium and are the only two laboratories in Georgia that perform TB culture testing. TB diagnosis is confirmed by positive microscopy and/ or culture testing; both tests are required for all TB suspects under the national TB policy. Drug susceptibility testing (DST) is required under national policy for all culture positive sputum samples and is carried out only in the laboratory in Tbilisi. Culture and DST are done by conventional Lowenstein-Jensen solid media and/or broth-based culture methods using the MGIT 960 system (BD, Sparks, MD, USA) [9] .
When a TB case is notified, a paper form is completed by the attending physician containing demographic data on the case (including information such as age, sex, previous treatment status and previous detention status). These forms are sent to the regional database manager and entered into the online TB notifications database (database 1). When culture and DST results are available, these are sent in paper forms to the database manager in Tbilisi and entered into the same online TB database.
All TB patients in Georgia are initially hospitalised and remain there until their smear microscopy results are negative and their clinical condition is stable. If patients have MDR-TB or polydrug-resistant TB confirmed by DST or do not receive culture and/or DST but are suspected MDR-TB cases such as household contacts of an MDR-TB case, they are hospitalised and initiated on SLD. Once these patients have started treatment, they are entered onto a second TB database (database 2). The average length of stay in hospital is two months for non-MDR-TB patients and three to four months for patients on SLD.
Georgia achieved universal access to TB diagnosis and treatment by the end of 2009. Since then, all notified TB (non-MDR-TB and MDR-TB) patients have had access to treatment as per WHO recommendations [10] .
For our spatial analysis, each patient is indexed by the TB outpatient facility located within their district/city of residence (as defined in the National Census [4] , a total of 72 districts and cities); these districts/cities are further aggregated into 12 administrative regions. There are seven facility codes within the city of Tbilisi, which we grouped together for our analysis. All patients diagnosed within the penitentiary system were attributed to the penitentiary system and were excluded from the spatial analysis. In addition, the region Abkhazia (consisting of 6 districts) and the district Java do not notify TB patients in either TB surveillance database. These seven districts were excluded and therefore the analysis focused on a total of 65 districts/cities. Five of the districts are classed as 'cities' and therefore our definition of 'urban areas' included these five cities. All other areas were classed as 'rural areas'.
Statistical analysis
Estimation of the absolute number of multidrugresistant tuberculosis notifications and multidrugresistant tuberculosis incidence We aimed to report the number of MDR-TB cases that were notified between 2009 and 2011 and confirmed through DST. In practice, not all culture and DST results were entered in the TB notifications database (database 1); 33.5% of cases recorded in database 1 did not have any information on culture results recorded in that database. Therefore, we used database 2 (hospitalisations for second-line treatment) as our primary source to calculate the number of MDR-TB notifications (93.4% of cases in database 2 had sufficient DST to diagnose or rule-out MDR-TB). From this database, we extracted the number of MDR-TB cases diagnosed and confirmed through DST. However, since it is a database of cases that initiated treatment between January 2009 and December 2011, some cases that were diagnosed in late 2011 and had not initiated treatment by the end of 2011 were not yet entered in this database. Hence, to minimise such errors, we included cases that were diagnosed between January 2009 and June 2011 inclusive. Additionally, since this database included all those cases that were hospitalised, it excluded some MDR-TB patients who were not hospitalised (for example, due to death or default prior to hospitalisation or due to lack of available treatment during 2009 before universal access became available) or were missing from database 2 due to data entry errors. Therefore, we also identified all DST-confirmed MDR-TB cases that were recorded between January 2009 and June 2011 in the TB notifications database (database 1) that were not found in the SLD hospitalisations database (database 2) and included these in our count of MDR-TB diagnoses. If one individual had two TB episodes during the study period, these would be considered as two incident cases. This was to correctly capture the burden placed on TB services since each incident case needs to be diagnosed and placed on treatment each time.
To estimate average annual MDR-TB incidence per 100,000 population, we divided our count of MDR-TB diagnoses by the population of Georgia in the same time period as reported in the National Census [4] . The most recent National Census was conducted in 2002. However, population numbers are recalculated annually using methods such as telephone interviews in order to fully account for variation in population changes at a local level and events that have resulted in substantial population movements. In addition to overall incidence, we estimated incidence rates by age and sex. We also estimated the average annual incidence of MDR-TB per 100,000 population for each district. All measures were estimated for new TB cases (i.e. those who have either previously received treatment for less than one month in total or never) and previously treated TB cases (i.e. those who have previously received one month or more TB treatment) separately [11] . Separate analyses of these two groups is important since resistance among new cases is the result of transmission of MDR-TB whereas resistance among previously treated cases may reflect either transmitted resistance or resistance acquired during previous exposure to TB drugs.
Estimation of the percentage of tuberculosis cases with multidrug-resistant tuberculosis
While measures of incidence provide information on the resource needs for programmes, measures of risk also provide useful additional information as they indicate the probability that individual patients diagnosed with disease will harbour an MDR-TB infection. To produce valid estimates of the percentage of TB cases that had MDR-TB, we needed to ensure that we estimated this risk from a population in whom DST was systematically employed without regard to actual risk of drug-resistance. Since, during the period of this analysis, DST was a routinely employed test, we used data extracted from the TB notifications database (database 1) under the assumption that there was no systematic bias in terms of risk of resistance between those TB cases that did or did not have data on DST results. We also estimated the percentage of TB cases that had MDR-TB for each district using database 1. All measures were estimated for new and previously treated TB cases separately.
Patient-level risk factors for multidrug-resistant tuberculosis
We developed logistic regression models (for new and previously treated cases separately) to identify risk factors associated with MDR-TB diagnosis. As we did when estimating the percentage of TB cases with MDR-TB, we used only the data from the TB notifications database (database 1) under the assumption that there was no systematic bias in the availability of culture and DST results in each group (i.e. cases (confirmed MDR-TB cases) and controls (cases confirmed without MDR-TB)). A full model was constructed including all potential explanatory variables to obtain fully adjusted odds ratios. Potential explanatory variables that we examined included demographic data (e.g. age and sex), socio-economic data (e.g. occupation and previous detention status) and TB-related data (e.g. previous TB treatment outcome and disease location). A backwards elimination method was used to identify variables that were statistically significantly associated with MDR-TB diagnosis. In addition, any non-statistically significant variable which, on removal, altered other parameter estimates substantially (>10%) remained in the model to ensure full adjustment for confounding.
Results
Burden of multidrug-resistant tuberculosis in Georgia
Between January 2009 and June 2011, we identified 1,795 incident cases of MDR-TB confirmed through DST (Table 1) (1,370 from database 2 and an additional 425 were identified in database 1). Average annual MDR-TB notified incidence was 16.2 per 100,000 (3.2 new MDR-TB cases per 100,000 and 12.8 previously treated MDR-TB cases per 100,000). Incidence rates varied substantially by age and sex with the highest rates in men aged between 25 and 34 years (average of 55.5 annually per 100,000, Table 2 ). The estimated percentage of TB cases with MDR-TB was 15.5% (95% confidence interval (CI): 14.7%-16.4%); an estimated 10.2% of new and 32.7% of previously treated TB cases had MDR-TB (Table 1) . While the percentages of TB cases diagnosed in the penitentiary system with MDR-TB were similar to those in the civilian population, the incidence of notified MDR-TB was considerably higher at 837 cases per 100,000 (477 cases total, representing 27% of all MDR-TB notifications in Georgia) ( Table 1) .
Geographical heterogeneity in multidrugresistant tuberculosis risk and incidence
There was substantial variation in the MDR-TB burden by district. The incidence of notified MDR-TB per 100,000 varied from 0.0 to 5.0 for new cases and from 0.0 to 18.9 for previously treated cases (Figure 1 ). The percentage of TB cases with MDR-TB varied from 0.0% to 33.0% among new TB cases and from 0.0% to 75.0% among previously treated TB cases (Figure 2 ). Both the MDR-TB incidence per 100,000 and the percentage of TB cases with MDR-TB were higher in urban areas than in rural areas. MDR-TB incidence in urban areas was 20.7/100,000 compared with 6.6/100,000 in rural areas and the percentage of TB cases with MDR-TB in urban areas was 17.6% compared with 12.1% in rural areas (Table 1 ). In particular, the percentage of new TB cases with MDR-TB in urban areas was 13.5% as compared to 7.5% in rural areas. Closer examination of the data in individual cities indicates that the largest cities, Tbilisi and Kutaisi, are the main drivers of this phenomenon ( Figure 3) . We note that in those districts with higher point estimates of MDR-TB risk than these two cities, the estimates are based on small sample sizes and so have quite limited precision (Figure 3 ).
Individual-level factors associated with multidrug-resistant tuberculosis among tuberculosis cases
Among new TB cases, living in a city ('urban area', Table 3 ) was statistically significantly associated with being diagnosed with MDR-TB (odds ratio (OR): 1.43; 95% CI: 1.20-1.72; p<0.001) compared with living in a rural area. New TB cases aged 35 years and over were The boundaries of the districts and cities as defined in the National Census [4] are shown. The five areas listed as cities in the National Census are labelled by name and are not shaded in grey. Two areas of Georgia do not report TB cases to the databases analysed: the region of Abkhazia and the district of Java. These two areas are labelled by name and shaded in grey. Each bar represents a different district or city and districts/cities are only included if they reported at least one TB case in the study period. Cities (as defined in the National Census [4] ) are shown in red and labelled by name; all other districts are shown in blue. Exact binomial confidence intervals are displayed for each district/city. 
Discussion
We found marked geographical heterogeneity in both MDR-TB incidence and risk. Identification of such 'hot-spots' of MDR-TB disease is important in order to appropriately allocate resources and to identify locations for further studies that might inform interventions aimed at reducing the MDR-TB incidence in Georgia. The variation in both the incidence of MDR-TB per 100,000 population and the percentage of TB cases with MDR-TB between districts was considerable with some districts reporting a disease incidence or risk several times higher than that of other districts (up to 23-fold for MDR-TB incidence and up to 12-fold for MDR-TB risk). This adds further evidence to the literature indicating that such MDR-TB 'hot-spots' may be common to high burden countries [6, 12] .
Most notably, we found that the risk of MDR-TB among new TB cases was higher in the cities than in rural areas even when adjusting for other potentially confounding factors such as age. Since new TB cases are those that have received either no (or at most one month of) TB treatment previously, the new TB cases with MDR-TB are likely to have been infected with resistant strains. Thus, these results suggest that these urban areas, especially the two largest cities, are where the risk of transmitted MDR-TB is relatively high compared with other less-resistant forms of TB (Table 1) . Our results are consistent with a previous study in Georgia that found that living in Tbilisi (the capital city) was a risk factor for MDR-TB [13] . It should be noted that the definitions of urban and rural may overlap and areas on the outskirts of cities may be more similar to rural areas in many respects than they are to the centres of cities.
We found that 10% and 33% of new and previously treated TB cases respectively had MDR-TB. These estimates are nearly identical to those that Georgia reported to the WHO for 2011 although they are slightly lower than estimates reported in previous studies [1, 13, 14] . These percentages are worrying and within the range that has been reported from other countries of the eastern part of the WHO European Region [3] .
Notified MDR-TB incidence in the penitentiary system was 837 per 100,000 people. This is worryingly high and around 50 times the rate estimated for the nationwide population. Young men are overrepresented in prison populations and because this demographic group is likely at greater than average risk of TB and MDR-TB regardless of incarceration status, it is not surprising that MDR-TB is concentrated in prisons. However, even if we assume that the penitentiary system is composed entirely of men aged between 25 and 34 years, we would still only expect a notified MDR-TB incidence of 56/100,000 (Table 2) if the rates of MDR-TB were similar to that of the civilian sector. This is only one fifteenth of the rate that we actually found in the prisons. It is also possible that screening among prisoners at time of entry could partially account for the increased notifications in this setting. However, since only around 10% of TB cases diagnosed in prison are found at entry (M. Gegia, personnal communication, 14 May 2013) we think entry screening is unlikely to account for the entire excess burden observed in the prisons. High MDR-TB incidence in the penitentiary system of the order of magnitude found in this study has also been identified previously in Georgia [15] and in Moldova [6] (also in the eastern part of the WHO European Region). The percentage of new TB cases with MDR-TB in the penitentiary system is nearly identical to that in the rest of the country indicating that the high MDR-TB incidence in that setting is driven by increased TB risk rather than a specific risk of transmitted MDR-TB. However, increased MDR-TB risk among TB cases in the penitentiary system has been found previously within Georgia and elsewhere in the eastern part of the WHO European Region, for example, in Russia and Ukraine [16] [17] [18] .
Potential limitations of our study include those commonly found when using routinely collected surveillance data. Theoretically, the identification of substantial geographical heterogeneity in MDR-TB incidence in a setting may be attributable to variable case finding and reporting of TB and variable culture and DST use in MDR-TB diagnosis. However, Georgia is a small country with a relatively well-structured TB diagnosis and testing system; variability in case detection across the country is likely to be minimal and culture and DST are respectively required (under national policy) for all TB suspects and culture positive cases. Despite the completeness of this dataset compared to the majority of TB surveillance datasets from high burden countries, bias was potentially introduced by the absence of one third of culture and DST results from the TB notifications database. However, examination of the percentage of missing data from subgroups in the data indicated that there was no systematic bias that would have substantially affected our results. For example, data on culture results were missing from 32% and 33% of urban and rural cases respectively, 32% and 39% from male and female cases respectively and between 30% and 39% from each age class, other than those under 15 years where we would expect greater percentages missing due to difficulties with obtaining specimens. In this study, we attributed each case to a district; we recommend that future studies be conducted that allow the collection of global positioning system (GPS) coordinates of residential locations to allow for more refined spatial analysis, particularly in urban settings.
Aside from a marked difference between urban and rural areas, the underlying reasons for the spatial heterogeneity in MDR-TB are unclear. We attempted to obtain further information on potential explanatory factors such as average household income or proportion of the population in a district that are unemployed from the National Census. However, these data were only available at the national level rather than the district level and without data for each district, we could not investigate associated factors statistically. Understanding these patterns of spread of MDR-TB, which appear to be most severe within urban settings and penitentiaries, requires more refined geographical and genotypic data. Our analysis, which is limited to routinely available data has highlighted important heterogeneities but leaves many questions about the causes of this variability unanswered.
We have identified substantial geographic heterogeneity in both the risk and incidence of MDR-TB in Georgia, a pattern that may be commonly found in countries in the eastern part of the WHO European Region. Such analysis is crucial to determine where to target resources and prioritise areas for further studies and interventions aimed at reducing the considerable MDR-TB prevalence in these high burden countries.
